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Description 

Background of the Invention 

M Numerous *, - prepared in M « ^-11?^^^^^ 
.pica, fictions. Population ol ^'^2T'S» the suspended mMertal. Polymeric 
Mmpered b, me subsequent ''T^^Z^^^Z dextran » eonmrxay deed >» stable 

mamode ,dr ,, 

a uadet, ., cyclodeutrine bade been need » Z"^~^'^££Zi 

posed .. a ring d. die g.dcap residues; P^^^^ is .pop!*. «hi te 

cyelodextrin, when is domposed ol a ring ol e.ght glucose urate. The .nsoe y ' ^ 0 , nMural 

epichlorohydrin polymer and others. For a ^P^ 8 " 8 ^^ 9 ^ 0 ^ , CRC PreS s, Boca Raton, Fla, pp. 125-148 

1987, 181-194 and Pagington, Chemistry in Britam,\ May 987 pp been 
SSTS^lS ~1o 5 ^ JXcSr^^ compounds ol steroid components and 
hormone selected from 17 P estradiol, progesterone ^^^^S^S of loteprednol etabonate. 

daily for treating inflammatory 'f^^^SS^SSgc con unctrvitis, acne rosacea, superficial punctate 
9lobe. Common ^^^^ 

infection to the eye and can cause severe ^comfort corti costeroids is associated with a number of 

[0012] Despite their therapeut,c advantages, top.ca ocula use ot co secondary ocular 

compilations' including posterior subcapsular catara* f ^^^ 

infection, retardation of cornea, wound hjrtnft uve*s mydrias s^ ran,e nt oc" ^ comp|fcations jn _ 

systemic complications also may ante from the topical ^ app^a nyperte nsion, muscle weakness or 
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MM ™. 8 bol« e .ha. -S'SSS^ , ** , <' l ' ! " l ' > MiVe CtemiC8 ' T 

suspending egen.s In ooncen,,».k>ne r ^Ygeme such as Po^so*a.a 80, Pblysomale 
Pa, T~s.,po,yme.icbomP^^^^^ 

pensions must accurately he ae.erm.ned. For °*'^"™™™lZ2™JJ™tom«™sa^*a<>>™ 

by agglb.mera.ion ol .he steroid partkrle.. ^^^"^^^etalepe, predniselene, either 
. lo.epr.dnol etabonate CLE"), >^^"' "J^^S^^ MMnoU epinenephrin, tfpiyaly. 

LaJ. metabolite .! the eetiye drug prednisone ■^^^^^S^^'<^ ^'«» M 
synrems, LE in hydrolyeed .0 Ure ina»e auto*. «- £**^J^« 8na „ inW . ocul „ 

^xc"!rc»:i - - - — - — * °' side 

effects - „■ ,« m ,Hc haw. the ootential for treating inflammation without inducing elevation 

!M^^SrSSS EST—. « — . mey resuP ,rom 

pound namiv, p.e*ieolone acebne. 8Mb aoueeu. "^"^'^tSL aqueous S olu,ione ben.aining 
o aqueous suspensions of corticostero.ds such as LE. therapeutically effective amounts of "soft" drugs 
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Summary of the Invention 



whemin .he molar raid el component (A) » componeo (B )»<^^°^£^ JLahaeone, 

^'S-tS^SSSiiSiiS' Jn-«-— 

<1 Oum particle size for ophthalmic or enteral use. onh thalmic otolaryngological, or anti-inf lamma- 

£rr«d^ 
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medium, further may be combined with component (C) of a nonionic surface active agent. 

[0026] The suspensions of the invention further may include component (D) of a tonicity imparting agent to impart 
isotonicity, and component (E) of at least one preservative compound to substantially prevent microbial growth. Pref- 
erably, component (D) is glycerol in an amount of about 2 to 2.8% by weight of the suspension. 

5 [0027] The invention also provides stable aqueous suspensions of water-insoluble drugs which can remain in such 
a state that will allow for immediate suspension of the drugs when desired, even after extended periods of settling or 
standing. Suspensions of drugs which employ these suspending agents, moreover, do not cause discomfort upon 
application. Moreover, in the suspensions of the invention, surprisingly less than 2% of component (A) is solubilized 
by component (B). As used herein, stable suspensions are those which maintain the particles In a suspended state 

10 for a minimum of one year, typically about two to three years. 

[0028] In a preferred aspect, stable aqueous suspensions of LE, i.e., suspensions which are stable for at least one 
year, typically 2-3 years, are provided which have concentrations of about 0.5-1% of LE with a cyclodextrin, preferably 
HPCD, and a surface active agent of tyloxapol. Accepted preservatives such as benzalkonium chloride and disodium 
edetate ("EDTA") can be included in the suspension. Although surface active agents may be employed, use of cyclo- 

15 dextrins as suspending agents surprisingly provide sufficient stability to the suspensions to minimize use of surface 
active agents which may neutralize the effects of preservatives. In such suspensions, less than about 5% of cyclodex- 
trins are used to suspend the drug in a stable manner. 

[0029] Having briefly summarized the invention, the invention will now be described in detail by reference to the 
following specification and non-limiting examples. Unless otherwise specified, all percentages are by weight and all 
20 temperatures are in degrees Celsius. 

Detailed Description of the Invention 

[0030] Therapeutic, aqueous suspensions of a drug of component (A) for ophthalmic or otolaryngological use are 
25 made by asceptic preparation. The suspensions of the invention are prepared by mixing the drug of component (A), a 
suspending agent of component (B), and an aqueous medium, preferably purified water. Optionally, component (C) of 
a surface-active agent, component (D) of an agent for producing isotonicity, and component (E) of preservative(s) may 
be included in the aqueous medium. Purity levels of all materials employed in the suspensions of the invention exceed 
98%. 

30 [0031] Component (A) typically is added to obtain a final concentration in the suspension of about 0.1-1 0%, preferably 
about 0.5-5%, most preferably about 0.1%-2% based on the weight of the suspension. The molar ratio of component 
(A) to component (B) typically is in the range of about 2:1 to 1 :20, more preferably about 2:1 to 1 :6. 
[0032] Component (B) is a cyclodextrin such as methyl cyclodextrin, glucosyl cyclodextrin, maltosyl cyclodextrin, 
multiple derivative forms of the above cyclodextrins, BCD, and HECD, particularly HPCD. 

35 [0033] Component (C) is a surface-active agent that is acceptable for ophthalmic or otolaryngological uses. Useful 
surface active agents include but are not limited to non-ionic surfactants such as Polysorbate 80 from ICI Americas, 
Wilmington, DE, Polysorbate 20 from ICI Americas, Wilmington, DE and Tyloxapol from ICI Americas, Wilmington, DE. 
The concentration in which the surface active agent may be used is only limited by neutralization of the bacteriocidal 
effects of the accompanying preservatives employed, or by concentrations which may cause irritation. 

40 [0034] Component (D) can be a diol such as glycerol in a concentration of about 2-2.8%, preferably about 2.2-2.6% 
based on the weight of the suspension in order to provide isotonicity. 

[0035] The suspension thus can be prepared (hereinafter referred to as "Method 1") by thoroughly mixing the drug 
(component A) and the indicated suspending agent (component B) with the indicated surface active agent (component 
C), glycerol for tonicity adjustment, and preservatives, in an aqueous medium. 
45 [0036] The cyclodextrins of component (B) and the surface active agents of component (C) have good solubility in 
water, have sufficient number of hydroxyl groups to interact with the drug, and have mild effects on the viscosity of the 
suspension. 

[0037] Health regulations in various countries generally require that ophthalmic preparations shall include a preserv- 
ative. Many well known preservatives that have been used in ophthalmic preparations of the prior art, however, cannot 
50 be used in the preparations of the invention since those preservatives may no longer be considered safe for ocular 
use or may interact with the surfactant employed in the suspension to form a complex that reduces the bacteriocidic 
activity of the preservative. 

[0038] The preservatives of component (E) employed in the suspensions of the Invention are chosen to avoid inter- 
acting with the surface active agent to an extent that the preservatives are prevented from protecting the suspension 
55 from microbiological contamination. 

The preservative(s), when required, are employed in a minimal concentration sufficient to prevent microbial growth. 
[0039] A variety of preservatives may be employed in the suspensions of the invention. In a preferred embodiment, 
benzalkonium chloride may be employed as a safe preservative. Other possible preservatives include but are not 
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, Q ,^hoi msthvl oarabens' propyl parabens, benzethonium chlorides, thimerosal (concentration of 
limited to benzyl alcohol, methyl parabens, propy P • ervatlve (or combination of preservatives) 

employ cycloderrtrms A broad range or P«oo y » sus „„ s |ons in eccordarrce with the invent™. 

30 given in Table 1 using the above-described Method 1 . 
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Evaluation of Particle Stability over Time 

4 ni^etomiri* that have an average size of < 1 0 ^m are tested for stability using 
[0046] Samples of suspensions of corticosteroids that nave an averse ^ 

accelerated stability tests and "real time" studies LE , evaluated by three methods, 

The tot melhod <»»»•■*> °™ ess lten 9 , 8 „ ; to<) „ s , „ Man. ol suspension .lability is that large agglom- 

samples of those suspensions for two minutes at ^J^^^^J^ Met hod B indicate that >30 
may require more than 50 inversions to suspend the particles. 
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55 HPLC MEASUREMENT OF LE 

[0051] To evaluate solubilization of drugs such as LE by cyclodextrins, LE is continuously mixed with cyclodextrins 
in various concentrations in water for one week at room temperature. Samples of the resulting suspensions and the 
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soluble fractions of LE are analyzed by high pressure liquid chromatography ("HPLC") before and after centrifugation 
at 5000G, respectively (hereinafter referred to as "Method D"). The concentrations of LE are calculated from the area 
under the curve of the LE peak using known techniques. The extent of solubilization of LE by cyclodextrins is shown 
in Table 3. 

[0052] The results in Table 3 indicate that not more than 0.01 mg/ml LE is solubilized by cyclodextrins. 

TABLE 3 



SOLUBILIZATION OF LOTEPREDNOL IN CYCLODEXTRIN SOLUTIONS 


Cyclodextrin in Suspension 


LE Solubilized (mg/ml) 1 


0.5% HPCD 


0.007 


1.0% HPCD 


0.005 


1.0%HECD 


0.01 


1 .0% BCD 


0.01 



1 maximum solubilization possible is 10 mg/ml 



[0053] Measurement of the concentration of LE in suspensions of the above-mentioned samples is done using the 
HPLC technique of Method C. The results are shown in Table 4. As indicated in Table 4, the concentration of LE in the 
suspension was not significantly altered. Cyclodextrins therefore stabilize suspensions of drugs such as LE while min- 
imizing solubilizing the LE. 



TABLE 4 



HPLC MEASUREMENT OF LE IN CYCLODEXTRIN SUSPENSIONS 




[LE] on label (mg/ml) 


CD 1 


CD% 


storage temp. (C) 


period of storage 
(mos) 


measurement (%) of 
label) 


5 


HPCD 2 


0.5 


23 


5.0 


101.12 


10 


HPCD 


0.5 


23 


5.0 


109.09 


5 


HPCD 




23 


0.5 


94.3 


10 


HPCD 




23 


0.5 


88.18 


5 


HPCD 




37 


2.0 


104.04 


5 


HPCD 




45 


2.0 


96.84 


5 


HPCD 




23 


5.0 


115.45 


10 


HPCD 




23 


5.0 


110.23 


5 


BCD 3 




23 


4.0 


106.78 


10 


BCD 




23 


4.0 


105.7 


5 


HECD 4 




23 


4.0 


104.26 


10 


HECD 




23 


4.0 


135.88 



1 Cyclodextrin 

2 Hydroxypropyl Cyclodextrin 

3 Beta Cyclodextrin 

4 Hydroxyethyl Cyclodextrin 



Claims 

1 . A suspension of a water insoluble or poorly soluble drug comprising: 

component (A) of a therapeutic concentration of a water insoluble or poorly soluble, drug of particles less than 
10 microns and component (B) of an amorphous cyclodextrin in an aqueous medium, 
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wherein the molar ratio of component (A) to component (B) is 1 :05 to 1 :20, and wherein component (A) is selected 
from ioteprednol etabonate, bechmethasone, betamethasone, fluocinolone, fluoromethalone and prednisolone. 

2. The suspension of claim 1 wherein component (A) is present in an amount of about 0.05 to 5% based on the weight 
of the solution, and component (B) is selected from the group of hydroxypropyl cyclodextrin, beta cyclodextrin, 
and hydroxyethyl cyclodextrin. 

3. The suspension of claim 2 wherein component (A) is Ioteprednol etabonate and component (B) is hydroxypropyl 
cyclodextrin. 

4. The suspension of claim 1 further comprising a tonicity imparting agent for achieving isotonicity. 

5. The composition of claim 4 wherein said tonicity imparting agent is glycerol. 

6. The suspension of claim 1 further comprising at least one preservative compound to prevent microbial growth in 
the suspension. 

7. The composition of claim 6 wherein said preservative is selected from the group of benzalkonium chloride and 
disodium edetate. 

8. The suspension of claim 1 wherein less than about 2% of component (A) is solubilized by component (B). 
Patentansprtlche 

1 . Suspension eines wasserunloslichen oder schlecht wasserloslichen Arzneimittels, umfassend: 

Komponente (A) einertherapeutischen Konzentration eines wasserunloslichen oder schlecht wasserloslichen 
Arzneimittels einer Partikelgr6l3e von weniger als 1 0 urn, und Komponente (B) eines amorphen Cyclodextrins 
in einem wassrigen Medium, 

wobei das molare Verhaltnis von Komponente (A) zu Komponente (B) 1 :0,5 bis 1:20 betragt, und wobei Kompo- 
nente (A) ausgewahlt ist aus Loteprednoletabonat, Bechmethason, Betamethason, Fluocinolon, Fluoromethalon 
und Prednisoion. 

2. Suspension nach Anspruch 1 , wobei Komponente (A) in einer Menge von etwa 0,05 bis 5 Gew.-%, bezogen auf 
die Losung, enthalten ist und Komponente (B) ausgewahlt ist aus Hydroxypropylcyclodextrin, Betacyclodextrin 
und Hydroxyethylcyclodextrin. 

3. Suspension nach Anspruch 2, wobei Komponente (A) Loteprednoletabonat und Komponente (B) Hydroxypropyl- 
cyclodextrin ist. 

4. Suspension nach Anspruch 1 , weiterhin umfassend ein Tonizitat verleihendes Mittel, urn Isotonle zu erreichen. 

5. Zusammensetzung nach Anspruch 4, wobei das Tonizitat verleihende Mittel Glycerin ist. 

6. Suspension nach Anspruch 1 , weiterhin umfassend mindestens ein Konservierungsmittel, urn mikrobielles Wachs- 
tum in der Suspension zu verhindern. 

7. Zusammensetzung nach Anspruch 6, wobei das Konservierungsmittel ausgewahlt ist aus Benzalkoniumchlorid 
und Dinatriumedetat. 

8. Suspension nach Anspruch 1 , wobei weniger als etwa 2 % der Komponente (A) durch Komponente (B) loslich 
gemacht werden. 
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Revendications 

1. Suspension d'un medicament insoluble dans Peau ou peu soluble dans I'eau, comprenant un composant A cons- 
titue d'une concentration therapeutique d'un medicament insoluble dans I'eau ou peu soluble dans I'eau, lui-meme 
constitue de particules de moins de 10 u.m, et un composant B, constitue d'une cyclodextrine amorphe dans un 
milieu aqueux, ou le rapport en moles du composant A au composant B est de 1 : 0,5 a 1 : 20, et ou le composant 
A estchoisi parmi I'etabonate de loteprednol, la beclimethasone, la betamethasone, lafluoccinolone, lafluorome- 
thalone et la prednisolone. 

2. Suspension selon la revendication 1 , ou le composant A est present en une quantite d'environ 0,05 a 5 % par 
rapport au poids de la solution, et le composant B est choisi dans I'ensemble comprenant Phydroxypropylcyclo- 
dextrine, la betacyclodextrine et I'hydroxyethylcyclodextrine. 

3. Suspension selon la revendication 2, ou le composant A est I'etabonate de Joteprednol, et le composant B est 
I'hydroxypropylcyclodextrine. 

4. Suspension selon la revendication 1 , qui comprend en outre un agent conferant une tonicite, pour realiser une 
isotonicite. 

5. Composition selon la revendication 4, ou ledit agent conferant une tonicite est le glycerol. 

6. Suspension selon la revendication 1 , qui comprend en outre au moins un compose conservateur pour empecher 
une proliferation microbienne dans la suspension. 

7. Composition selon la revendication 6, ou ledit conservateur est choisi dans I'ensemble comprenant le chlorure de 
benzalkonium et I'edetate disodique. 

8. Suspension selon la revendication 1 , ou moins d'environ 2 % du composant A est solubilise par le composant B. 
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